Abstract: Poor uptake of nutrients not only deteriorates the quality but also the yield of horticultural crops. Among various macro and micronutrients, the role of K, Ca and B is very important. Therefore, balanced application and uptake of K and Ca and B can improve the quality and yield of mango trees. So, a field study was conducted with the hypothesis that combined application of K and Ca along with B would be effective to improve yield and quality of Mango cv. Summer Bahisht (SB) Chaunsa. There were two sources of Ca(CaCl 2 and Ca(NO 3 ) 2 ) and three sources of K(KNO 3 , K 2 SO 4 and K-Citrate) combined with boric acid (BA). All Ca and K sources were applied at the rate of 1% while BA was applied at 0.2%. As compared to control, a significant improvement in fruit set panicle -1 (35.7% and 50.0%), fruit retention (125% and 40%), shelf life (73.3% and 36.6%), total soluble solids (35.1% and 40.6%) and fruit yield (52.5% and 49.2%) in 2016 and 2017 respectively, confirmed the effectiveness of KNO 3 (1.0%) + BA (0.2%). Between CaCl 2 and Ca(NO 3 ) 2 , application of Ca (NO 3 ) 2 was found more efficacious regarding improvement of quality and yield of SB Chaunsa. It is concluded that to improve the quality and yield of Mango cv. SB Chaunsa, KNO 3 (1.0%) + BA (0.2%) is the best nutrients combination, and Ca(NO 3 ) 2 is a better option as compared to CaCl 2 .
Introduction
Horticultural crops are seriously impacted by climatic variables (Normand et al. 2015) . Due to changing climatic conditions, tropic and sub-tropic areas of the world are facing many challenges regarding mango productivity (Gerbaud 2012; Normand et al. 2015) . Every stage of mango phenological cycle (flowering, fruit growth, harvest/ vegetative growth and vegetative growth/rest) may get influenced by a change in temperature, precipitation, light, humidity and greenhouse gases (Christensen et al. 2007 ). The anticipated climate changes and increasing CO 2 levels with global warming can result in greater changes in mango flowering and ultimately low yields of mangoes. Erratic flowering in mango, due to changes in the climate, especially high temperature during the flowering season, have been reported (Bhagwan et al. 2011) . To obtain higher yields, it is the necessity of time to improve nutrient supply and fertilizer use efficiency to minimize emissions of greenhouse gases. Due to high temperature in summers, mango gets vigorous vegetative growth and in winter early flowering issue becomes the reason for low yield (Normand et al. 2009 ). Increasing fertilizer application will increase mangoes yield but will not halt the decline in flowering or fruit drop, which is directly influenced by climatic factors. High temperature, low soil moisture and high evaporative demand cause reduction in mango yield (Schaffer et al. 2009 ). So, under changing climate, the management of natural resources like nutrients and water are a possible solution to the upcoming menace.
Potassium (K) is involved in quality-related characteristics of fruit and is called a quality element (Ahmad et al. 2018) . It is crucial for many biochemical reactions that are essential for enzyme activation and physiological processes in cell (Anees et al. 2016) . These reactions play a major role in ion transport between cells and stomatal conductance under different climatic variables (temperature, light, humidity), thus affect
Materials and Methods

Experimental site
A two-year study was conducted in the orchard of Mango Research Institute, Multan, Pakistan (30° 09' N, 71° 26' E; elevation 410 m), during the years 2015-2017. Randomly distributed 20-25 years old healthy trees of mango cv. SB Chaunsa were selected. The experiment started in August by application of macronutrients after fruit harvest (July 2015).
Experiment layout
The experiment was comprised of 7 treatments and 4 replications following a randomized complete block design. Treatment combinations were set as: Control (T 1 ), Boric Acid (0.2%) (T 2 ), Ca (NO 3 ) 2 (1.0%) + Boric Acid (0.2%) (T 3 ), CaCl 2 (1.0%) + Boric Acid (0.2%) (T 4 ), K-Citrate (1.0%) + Boric Acid (0.2%) (T 5 ), K 2 SO 4 (1.0%) + Boric Acid (0.2%) (T 6 ) and KNO 3 (1.0%) + Boric Acid (0.2%) (T 7 ). The N-P-K were applied according to Mango Research Institute (MRI) Multan recommendations at the rate of (1.5-1-1) kg/plant/ year respectively, to all experimental trees according to their time schedule. All the P (1000g) and one half of N (750g) and K (500g) were applied after fruit harvest (end of July) according to annual fertilizer program of MRI Multan, and the other half N and K were applied before flowering (1 st week of February) as suggested by Iftikhar et al. (2018) . The fertilizer sources used were: Urea, single super phosphate (SSP), and sulphate of potash (SOP). During November soil and leaf sampling was carried out. All the recommended management practices (irrigation, hoeing, and pesticide and herbicide applications (when needed) were carried out throughout the year. The treatments were applied combined at pre-flowering during the month of March and pre-harvest stage (1 st week of June) of fruit with the help of tractor-mounted Jecto Sprayer.
Meteorological data of experimental site
Meteorological data were collected from the Central Cotton Research Institute, Multan (three km towards south-west), during the study years (2015) (2016) (2017) . Mean monthly high and low air temperature (ºC), relative humidity (%), average of rainfall (mm) was recorded during the study years (2015) (2016) (2017) . The mean annual minimum and maximum air temperatures were 21.86ºC and 39.95ºC, respectively, with fruit quality (Eisenacha and Angeli 2017) . Fruit size, appearance, color, soluble solids, acidity, vitamin content, taste, as well as shelf-life are significantly influenced by an adequate supply of K (Tohidloo et al. 2018) . To trigger flowering in mango potassium nitrate is being applied generally by mango growing farmers to enhance productivity. It increases the tolerance of plants for many stresses: drought, excessive water, salt stress, high and low-temperature stresses (Dutta 2011; Eliwa 2003) . Application of additional potassium via foliar spray or nutrient solution has been shown to improve many growth and fruit biochemical characteristics in crops such as strawberry, olives and passion fruit (Gurung et al. 2014; Zivdar et al., 2016; Tohidloo et al., 2018) . Mandal et al. (2012) also reported that pre-harvest sprays of potassium and growth regulators applied in the integrated fruit production systems, improve fruit quality in winter guava. Foliar spray of aqueous solutions of potassium nitrate can induce flowering in certain varieties of mango (Sergent et al. 2000) .
Similarly, calcium (Ca) is very important in controlling fruit disorders. In Pakistani soils, deficiency of Ca is low due to calcic parent material of soil. The problem in plants may be due to poor distribution after uptake (Marschner 2011) . To get mangoes with longer shelf life in extreme temperatures of summer, a pre-harvest spray of Ca can also be effective. In fruits many disorders are relevant to B deficiency, even when B is in ample supply, suggesting these disorders are physiological in nature and related to the mobility of B in the plant tissues (Tohidloo and Souri, 2009 ). Besides disorders, fruit setting and retention percentage of fruit are attributed to B concentration in fruit (Dell and Huang 1997) . It is documented fact that less bioavailability of B in floral structure, resulted in low fruit setting from flowers and their retention percentage on panicle. Muengkaew et al. (2016) reported the effects of Ca and B on pollen germination and fruit set in mango cv. Mahachanok. Their investigations showed a significant positive effect on pollen germination and fruit setting with co-application of Ca and B at 3.0 ml/L. With application of K, Ca and B efficient increase in fruit set and fruit retention, as well as fruit quality characteristics of mango is expected. Therefore, the current study was designed with the objective to examine the effects of foliar application of boric acid alone and in combination with various sources and Ca and K on yield and quality of mango cv. Summer Bahisht (SB) Chaunsa in changing climate conditions.
Tissue Analysis
During two years of experimentation 6-7 months old (5 th leaf of the branch) leaf samples from all directions of each tree before the 2 nd week of November were collected. Samples were oven dried until constant weight at 70˚C then ground in a Wiley Micro Mill to pass through a 40-mesh screen, and stored in labelled plastic bags. N, P, K and B concentration in leaf samples were estimated following the standard procedures and protocols. Leaf sample (0.5 g) was digested in tri-acid mixture i.e. sulphuric acid, nitric acid, perchloric acid (5:2:1) (Rashid 1986 ) and run with spectrophotometer-T60 UV visible PG Instrument (metavanadate yellow color method) for P (Jackson 1962; Jones et al. 1991 ) and B (Azomethane-H + Buffer) (Gaines and Mitchell 1979) , flame photometer (Digiflame 2000) for K (Jones et al. 1991) , respectively. For the determination of N, digestion was done with sulphuric acid and catalyst a mean annual precipitation of 59 mm and 75% humidity ( Figure 1 ).
Basic Analysis of Soil samples
Composite soil samples were taken during the month of November under the canopy area of selected trees. Soil samples were air dried then ground. Soil pHs was measured with pH meter (pH 200, Lovibond, SensoDirect) from saturated soil paste. Electrical conductivity (ECe) was determined from soil paste extract with NEOMET EC-400L EC meter. The extractable P and B were determined with spectrophotometer (T60 UV visible PG Instrument) while extractable K with flame photometer (Digiflame 2000), respectively. The textural class of soil was determined by using the Bouyoucos method, while the organic matter content was determined by following Ryan et al. (2001) . 
Number of fruit set panicle-1 and fruit retention
Effect of foliar application of variable sources of Ca and K with B remained significant for number of fruit set panicle -1 and fruit retention. It was observed that application of T7 and T6 were statistically similar but remained significant as compared to control for number of fruit set panicle -1 in 2016 ( Table 2 ). Application of T3 was significantly different as compared to T4 for number of fruit set panicle -1 in 2016. Treatments T2 and control were statistically similar for number of fruit set panicle -1 in 2016. In 2017, all the treatments were significant but in T7 number of fruit set panicle -1 remained significantly higher among all amendments as compared control for (Table 2) . Maximum increase of 35.7% and 50.0% in number of fruit set panicle -1 was noted as compared to control in 2016 and 2017 respectively where T7 was applied. Application of T7 differed significantly as compared to control for fruit retention in 2016. Among Ca sources, application of T3 remained significant as compared to T4 for fruit retention in 2016. It was observed that control, T2 and T4 remained statistically similar to each other for fruit retention in 2016 (Table 2 ). In 2017 both T6 and T7 remained statistically similar to each other but differed significantly as compared to control for fruit retention. However, the application of T4, T3, T2 and control remained non-significant in 2017 for fruit retention (Table 2) . Maximum increase of 125% and 40% in fruit retention was noted as compared to control in 2016 and 2017 respectively where T7 was applied. The reduction in fruit drop with the application of treatments as compared to control might be due to B, could cause an increase in auxin production in fruit petiole or inhibition of ethylene production (Malik and Singh 2006) . Whereas, the role of K in reducing fruit drop is expected due to its catalytic effect in many biochemical reactions occurring in physiological processes of the plant (Baiea et al. 2015; Dutta 2011; Eliwa 2003) . Yeshitela et al. (2005) argued that better availability of NO 3 -1 plays important role in the improvement of number of panicles in mango cultivated in Ethopia. The improvement in fruit set panicles -1 in current experiment might be also due to better availability of nitrate ion where Ca(NO 3 ) 2 was applied as compared to CaCl 2 . mixture of K 2 SO 4 -Se (100:1) while distillation was done on Kjeldahl's (UDK132 semi-automatic) method (Jackson 1958 ).
Fruit Retention: The area of 1.0 m 2 from all four sides of the tree was marked for determination of fruit retention (%) i.e. from mustard stage to the marble stage of fruit, retention was assessed. After each month, data was recorded by adopting the standard protocol, for three months.
Yield (kg/tree): Every year at the time of fruit harvest four mangoes from each plant were harvested from the marked area and average yield was calculated by multiplying the average weight of each tree fruit with an average number of fruits.
Fruit weight (g):
A top-loading sensitive balance was used for measuring fruit weight after harvest and before ripening in grams (g).
Fruit Volume (cm3): fruit volume was measured in water using a 200 ml plastic jug by water displacement method.
Titratable Acidity: Titratable acidity was measured as % citric acid of fresh mango juice by titrating the sample to pH 8.2 with 0.1 N sodium hydroxide (NaOH) as described by Ranganna (1979) . Acidity (%) = [Volume of 0.1 N NaOH (mL) × 0.067 / Volume of juice (mL)] × 100
Total Soluble Solids (TSS): For total soluble solids (Brix•) of fresh mango juice, Medline Scientific Ltd digital hand refractometer model SELECT045 was used. In each fruit, 20 g pulp was collected and homogenized in 80 ml distilled water for 60 seconds. After that, a disposable pipette was used to transfer 1 ml of homogenate on refractometer for measurement of TSS.
Statistical Analysis: Statistical analysis of the obtained data of all the parameters was performed using the analysis of variance (ANOVA) on computer-designed software Statistix ® 8.1 version. The difference among treatment means was compared by Tukey's test at p ≤ 0.05.
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The conducted research is not related to either human or animal use. (fruits) to reduce the titrateable acidity of fruit. The shift in biochemical reactions toward more sugar production can result in reduction in titrateable acidity content. However, in many cases there may be no effect of fertilization on titrateable acidity or pH of fruits (Tohidloo et al. 2018 ).
Nutrients in leaves
Effect of foliar application of variable sources of Ca and K with B remained significant for N, P, K and B concentration in leaves. For N concentration in leaves, T3, T6 and T7 remained statistically similar to each other but differed significantly as compared to control in 2016. Application of T4 and control remained statistically similar to each other for leaves N concentration in 2016. However, in 2017 all the treatments remained statistically similar to each other but differed significantly as compared to control for leaves N concentration. In the case of P concentration in leaves, all the treatments differed significantly but T2 and T7 remained significant as compared to control in 2016 and 2017. Application of T6 and T7 differed significantly as compared to control for K concentration in leaves in 2017. All the treatments remained non-significant for K concentration in leaves in 2016. For B concentration, T2 and T5 remained statistically similar to each other but differed significantly as compared to control for B concentration in leaves in 2016. However, in 2017 all the treatments remained significant but T2 gave significantly higher B concentration in leaves as compared to control. The results are in line with the findings of other studies, as spraying mango trees with different forms of K sources improves plant growth and leaf mineral contents (Ebeed and Migeed 2005; Dutta 2011; Razek 2013; Taha 2014) . Saykhul et al. (2013) argued that the availability of K is improved, might be due to better translocation of K with water uptake under hydroponic conditions. Nutrient management is the largest share to increase crop yield and quality, maintaining soil productivity and sustaining food security. The K requirement of fruit crops is highest due to its role in the physiological process and fruit quality. To ensure its availability to fruit, leaf contents must be optimum (Ganeshamurthy et al. 2011 ).
Fruit weight and volume
Effect of foliar application of variable sources of Ca and K with B remained significant for fruit weight and volume. For fruit weight, T3 and T7 were statistically similar to each other but differed significantly best as Khan et al. (2009) in aonla. They reported that an increase in fruits quality and shelf life might be due to the better intake of nutrients. According to Khalaj et al. (2016) , preharvest spray of B and Ca on Asian pear fruits significantly improved postharvest fruit quality and reduced its browning incidence due to polyphenol oxidase activity. Similar results were obtained by Zivdar et al. (2016) who showed that foliar application of K during growth period significantly increased physiochemical and postharvest quality of olive, including the oil properties. Strawberry growth and fruit biochemical characteristics including TSS and vitamin C were significantly improved by higher K application in nutrient solution, while titrateable acidity and pH of fruit remain unchanged (Tohidloo et al. 2018 ). The quality element K affected the TSS maximum with the application of T7 followed by T6. Dutta (2011) also found improvement in TSS contents in fruit due to K application. The decline in titratable acidity with the application of K and boric acid as compared to control is attributed to the application of K. Boron and K can influence the metabolism of plant tissues et al. 2018). In plants, optimum phytoassimilate and sugar production depends on adequate supply of K and B (Marschner, 2011) . Nevertheless, the mechanism of B uptake and its loading into xylem particularly at low B supply is not well known. In plants, both passive and active processes could play role in uptake and translocation of B, depending on B concentration in the medium (Tohidloo and Souri 2009 ). Due to its physiochemical characteristics in soil and in plant cells, continuous supply of B is a prerequisite for optimum plant growth, vigorous flowers, fruits set and fruit quality. In plant, sugar alcohols (sorbitol and manitol) play an important role in the retranslocation of B (Tohidloo and Souri 2009) . Therefore, changing the physiological conditions of plant toward higher sugar alcohols production may benefits B uptake and translocation in plants. This confirms our results that application of additional K may benefit B uptake and translocation, as the best treatment in the present study was T6 or T7.
Conclusion
It is concluded that foliar application of KNO 3 (1.0%) + Boric Acid (0.2%) and K 2 SO 4 (1.0%) + Boric Acid (0.2%) are equally effective and better approach for the improvement in fruit retention, fruit weight, fruit volume, fruit yield plant -1
, TSS and shelf life under current climatic scenario. However, KNO 3 (1.0%) + Boric Acid (0.2%) is the best treatment for improvement in fruit set panicle -1 comparative to all other treatments of the current study.
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Authors declare no conflict of interest. compared to control in 2016. Application of T2, T4 and T5 remained statistically similar to each other but remained significant as compared to control for fruit weight in 2016. It was observed that T7, T6 and T4 differed significantly as compared to control for fruit weight in 2017. Application of T3 and T5 did not differ significantly with each other but remained significantly different as compared to control for fruit weight in 2017. Maximum increase of 34% and 35% in fruit weight was noted as compared to control in 2016 and 2017 respectively where T7 was applied. Application of T2 and T7 remained significantly best as compared to control for fruit volume in 2016. However, in 2017, application of T4 and T7 differed significantly as compared to control for fruit volume. Maximum increase of 13.8% and 35% in fruit volume was noted as compared to control in 2016 and 2017 respectively where T7 was applied. The results are in accordance with the findings of (Dutta 2011; Baiea et al. 2015) .
Fruit yield
Effect of foliar application of variable sources of Ca and K with B remained significant for fruit yield. Application of T3, T5, T6 and T7 remained significant as compared to control and T2 for fruit yield in 2016. It was observed that T6 and T7 differed significantly among all the treatments for fruit yield in 2017. As compared to T2 and control, the addition of T3 and T5 also gave significantly higher fruit yield in 2017. Maximum increase of 52.5% and 49.2% in fruit yield was noted as compared to control in 2016 and 2017 where T7 was applied. This also proves the high demand of fruit trees as compared to other crops. High rate of K is needed to achieve not only highest total fruit production but also the greatest percentage of fruit production suitable for marketing (Ganeshamurthy et al. 2011) . Mango trees have a mild alternate bearing habit. In fruit trees, fruit set and retention are generally a function of plant genetic and management practices including nutrient fertilization (Zivdar et al. 2016) . In many trees including mango the intensity of fruit set and/or fruit dropping is greatly influenced by status of phytohormone and sugar levels of plant tissues (Souri and Hatamian 2018) . The three nutrients under study (K, Ca, and B) are involved in flower induction and flower initiation leading to a vigorous flowering and fruit set. In some aspects they are interrelated and have close relation with carbohydrates and phytohormones of plant tissues (Souri and Hatamian 2018) . It has been shown that K may be a limiting factor for crop production especially in high yielding varieties or in soil with less available K (Zivdar et al. 2016; 
